Abstract: The long cane can be used as a mobility aid for visually handicapped people. According to a questionnaire completed by Japanese cane users, it seems they are not always satisfied with using long canes for a variety of reasons. In this study, hand-transmitted vibration from the long cane due to tapping the ground was measured because an exposure to repeated shock-type tapping vibration may affect the hand-arm system. A sighted female wearing a blindfold participated.
Introduction
Walking is a serious problem for visually handicapped people. The long cane has been primarily used by such people, although many other aid systems have been produced (e.g., the guide dog, the tactile block, electrical devices). The long cane has three functions which are to be a bumper to protect the body from collisions, a probe to detect and get information as an extended tactile sense of the hand, and a symbol to attract sighted people and demand attention.
Helpful information is contained in the sounds and vibrations *To whom correspondence should be addressed .
when the cane is tapped on the ground. Different sorts of information should be made available to the hand and to the ear for different ground materials or texture. Schenkman'~ carried out three experiments, using 32 long canes, to study to what extent sounds and vibrations make it possible to identify four different ground materials (namely; sand, asphalt, concrete and linoleum). The sounds from the canes were measured simultaneously using a microphone. The first experiment showed that behavioural data correlated with the characterised frequency spectral contents of the tapping sound. In the second experiment, the learning effects in hearing the sound of tapping were studied and the same results were obtained as in the first experiment. The third experiment was to differentiate the material without hearing: there was no significant difference among the materials (except in the case of sand). It was concluded that the identification of different materials by the long cane may be easier using acoustical information, rather than a vibratory mode. However, these results do not seem to have discussed the characteristics of the relevant vibratory information of tapping the ground materials, due to the lack of the measurement of the tapping vibration from the long canes. The characteristics of handtransmitted vibration from long canes were therefore unknown. Nevertheless, the tapping action in using the cane may be a risk for the hand-arm system. It is known that the continuous exposure of hand-transmitted vibration, or repeated shock at the finger can give rise to various signs and symptoms of the vibration induced white finger (VWF)2~ disorder. Although the tapping action is not for an occupational aid, it is expected that the vibration of tapping the cane would be classified as a repeated shock-type vibration like the hand-held vibration tool. The vibration enters the body at the hand through the tapping movement, and it may be possible that the vibration caused when the cane hits an object gives a greater shock than that of normal tapping. From the results of the questionnaire presented to eight cane users before the measurement, it was hypothesised that tapping vibration off the long cane might influence the hand-arm system, taking account of the tapping conditions in Japan.
The objectives of this study were to measure the handtransmitted vibration from the long cane, to investigate how the characteristics of tapping vibration from the long cane depend on the ground materials and grip (pinch) force, and to evaluate the risk of injury at the hand due to use of the long cane. Measurement, evaluation and assessment methods were based on ISO 5349 and daily exposure time and transmissibility between the long cane and the wrist were observed.
Situation of Long Cane Users in Japan
According to a survey in 1994 conducted by the Ministry of Health and Welfare in Japan3~, more than 350,000 people were visually handicapped in Japan. Regarding visual impairment, there are 6 categories according to the weakness of sight. The 1 st category is for the most severe cases, which have almost total or complete blindness with any reforming devices (e.g., glasses, contact lenses). The 1 st and 2nd classes include the majority of blind people, which contain 56.4% of the blind population. Moreover, 97% of blind population are over 18 years old, which means people are likely to become blind in the middle of life as a result of accidents, 
Experimental Subject and Long Cane
A sighted female was used as a subject in this study (27 years, 168 cm height and 62 kg weight). She worked as a work therapist and had been learning the tapping technique for a month from a walking instructor. She was therefore able to behave like a blind person who taps a long cane during the measurement. Her own long cane was used for the measurement because the length of cane had been adjusted for her height. A suitable length of cane is calculated from a position slightly below a person's chest (normally the person's height minus 45 cm). The long cane used in this study is commonly used by cane users in Japan and the characteristics of the cane are shown in Table 1 .
Procedure Figure 1 shows the location where the accelerometers and strain gauge were fixed. Vibration acceleration signals of the long cane were measured close to the hand in three directions designated x, y and z using three piezoelectric accelerometers (Bruel & Kjaer type 8301, weight 19.6 g). An accelerometer (Bruel & Kjaer type 4374, weight 0.65 g) was attached to the skin on the radius bone of the right wrist to minimise the relative motion of the skin on the hand. A strain gauge, ST Institute type sensor (LM 10-2) was attached to the index finger-tip in order to measure the pinch force when the long cane was tapped. Then, the signals from the four accelerometers and the strain gauge were each passed through charge amplifiers, Bruel & Kja r type 2635 and ST Institute type CD-A, respectively as shown in Figure 2 . A data acquisition and analysis system, HVLab, a commercial system developed at the Institute of Sound and Vibration Research of the University of Southampton, was used to conduct the measurement and analyse the acquired data. The sample rate was 5,000 per sec, and each measurement duration was 10 sec. In order to measure the tapping vibration while the subject was walking, all equipment was put onto a trolley and an experimenter followed the subject pushing the trolley according to the subject's walking speed. Throughout the measurements, the subject wore a blindfold. The locations for the experiments were decided by taking account of some possible tapping locations, outdoors and indoors, where blind people walk with the long cane. The measurement sites are summarised in Table 2 . For the indoor sites, although the material used was all the same floor tiles, the method of tapping was different for the three conditions. In the case of ascending staircase, Cond. No. 2, the long cane was moved forward and backward hitting the staircase. For the descending staircase, Cond. No. 3, a long cane was moved upward and downward touching the staircase. As shown in Figure 3 , the hand grip for the staircase is also different from the usual walking grip. Therefore, it is expected that the tapping vibration characteristics could be different between the three conditions. As for the outdoor sites, the pavement in Japan has been generally covered with asphalt or concrete brick surfaces and major pavements are paved with tactile blocks for visually handicapped people. Figure 4 . shows the road as used in Cond. No. 7, the subject walked along the blocks The long cane was moved forwards and backwards using the thumb. Crest factor The crest factor defines the ratio between the maximum peak value and the r.m.s. value for the measurement time, as described in the following equation:
Crest Factor = Peak value RMS value
The more impulsive a vibration, the higher its crest factor. Thus the crest factor is a good indicator of the harmful content of a vibration.
VDV (Vibration dose value)
The vibration dose value can be considered to be the magnitude of a one second duration of vibration which will be equally severe to the measured vibration. The vibration dose value uses a `fourth power' time dependency to accumulate vibration severity over the exposure period from the shortest possible shock to a full day of vibration:
I 114 VDV = [fa4(t)dt 0 where a(t) is the frequency-weighted acceleration time history and T is the period of time. The VDV is often evaluated for the whole-body vibration and it is known that a value in the region of 15 ms''S will usually cause severe discomfort'0). Although the VDV is not used for handtransmitted vibration, it can be used to evaluate the severity of transients, shocks and repeated shock motions of tapping the long cane.
Estimated daily exposure time
Current standards for the evaluation of hand-transmitted vibration9) propose the concept called equal energy so that a complex exposure pattern of any duration during the day can be represented by the equivalent value for an exposure of 8 hr, ahws(cg8h) which is given by: T I/2 ah ws(eg8h) -ahwx T ( ) where T(8) is 8 hr; T is a daily exposure duration. Daily exposure durations are the total time for which the hand is exposed to vibration during the operating day. It can be estimated from the 8 hr energy-equivalent frequencyweighted component acceleration sum at a surface in contact with the hand. If the ah w,s(eg8h) is known, daily exposure durations, T can be determined by: Transfer functions Transfer functions were calculated between the acceleration on the grip of the long cane (i.e, the input) and the acceleration measured at the wrist (i.e. the output) using the 'cross-spectral density function method.' The transfer function, H. (f ), was determined as the ratio of the crossspectral density of the input and output accelerations:
where G«(f) is the cross-spectral density between acceleration at the long cane and the wrist; G(J) is the power spectral density of acceleration at the cane.
Results and Discussions
Acceleration time-history and frequency spectra The unweighted acceleration time-history and frequency spectra for four different ground conditions and two force tests are shown in Figures 5 and 6 . As can be seen in Figure   5 , As for the frequency spectra of tapping vibration shown in Figure 6 ., there were also differences among the measurement conditions. In Cond. No. 1, values of all the axes were quite small compared to those of the other conditions, and the z-axis value of the cane was comparatively higher than the other axes. For Cond. No. 2, there was a significant increase in the x-axis because of the tapping method used for the staircase. The dominant frequency was around 300 Hz in the x-axis. With regard to outdoors, rather similar spectra were obtained for concrete and asphalt surfaces. For Cond. No. 7, very similar spectra to Cond.
Nos. 5 and 6 were obtained because of the use of the same material, asphalt, although the tapping conditions were different. The dominant frequency was 300 Hz in the xaxis, and there were two peaks, below 100 Hz and below 300 Hz, in the y-axis. Considering the vibration between the cane and the hand in the z-axis, although it seems very small levels of vibration were transmitted to the hand compared to the other axes, similar levels of vibration were transmitted at frequencies below 100 Hz. In the force tests, exactly the same spectra characteristics as Cond. No. 1 were obtained because of the use of the same floor surface. It seems only low frequencies (around 10 Hz) of vibration tend to be increased due to gripping the long cane tightly.
The analysed vibration data of all conditions are detailed in Table 4 . The VDV values obtained were of a wide range, 2.9-26.9 ms-'.75 approximately, and the vector sum values obtained were in the range of 2.39-8.92 ms-2 r.m.s. Comparing this to previous data on hand-held tools which generate shock-type vibration, measured by Schafer et and Nelson12~, the level of the impulsive vibration of the long cane was similar to that of a pneumatic nailer. Although the characteristics of the vibration may be different, the value of the vector sum of the miscellaneous percussive tools (e.g., chipping hammer, chisel, impact wrench) are in a similar range, of 6-15 m/s2 r.m.s. Therefore, it is considered that the tapping vibration of the long cane is of a rather high level, being of an equivalent magnitude to the impulsive vibration of hand-held tools.
Time-history of strength at the fingertip
The time-history of the two force tests are shown in Figure  7 . Table 5 shows the details of the force data. As can be seen in Figure 7 , the force oscillated and the force level was greater when the cane was pushed by the index finger-tip. The difference in grip force (pinching) between two tests was about 3 N of the peak, l N of the average and 0.8 N of the standard deviation, which means that double the forces Table 4 , the z-axis acceleration was significantly greater in Test B., almost double in weighted value. The oscillations in Test B were not stable because it is difficult to continually grip the cane tightly. In fact, the long cane should be gripped without any stress. It seems that the long cane is best gripped just enough for support, the strength of grip depending on the ground surface. 
Estimated daily exposure time
The health risk due to the vibration exposure of tapping the long cane was assessed using estimated daily exposure time as shown in Table 6 . From Table 6 , tapping cane use seems to be a higher health risk outdoors compared to indoors, also, the rougher the ground surface, the shorter the daily exposure time tends to be. Surprisingly, if a person taps the long cane for Cond. No. 7 (rough surface of pavement with tactile block) for only 22 min daily, the symptoms of VWF (vibration induced white finger) might occur after only 16 years. Regarding the force tests, it was observed that the estimated exposure duration was reduced by half for a tense grip, due to the doubling of the gripping (pinch) force. Considering the situation of cane users, the cane is not used as a occupational aid but necessary tool in their life.
Therefore, even though they do not use the cane for long The transmissibility of the z-axis vibration between the long cane and wrist was evaluated in order to investigate which frequencies of vibration tend to be transmitted to the hand. Figure 9 shows the transmissibilities for the nine measurement conditions. As shown in Figure 9 , particular differences were not observed for all conditions. The resonant frequency was in the range from approximately 30 to 50
Hz, and the vibration was attenuated above 100 Hz. This corresponds to Reynolds' transmissibility result which indicated that vibration at frequencies above 100 Hz were attenuated to the hand13~. Thus, the tapping vibrations of the long cane are transmitted to the hand at low frequencies (below 100 Hz) and this does not seem to be affected by differences in the conditions.
Conclusions
A measurement of hand-transmitted vibrations from long cane tapping using nine different conditions (different ground material, surface roughness and gripping force) were carried out using a sighted subject. The following results were obtained.
1. The characteristics of the tapping vibration at the long cane and at the wrist depended on the ground material, tapping surface and grip force: -the r .m.s. acceleration level of tapping vibration is likely to be higher on rough ground surfaces. -the r .m.s. acceleration level increased in correspondence to increasing gripping force.
-the characteristics of the frequency spectra of the tapping vibration measured using different ground materials were different.
2. The frequency weighted acceleration wave form of taxis vibration at the wrist was not attenuated much through the hand. With the transmissibility to the hand for all nine conditions, most vibration was transmitted at frequencies below 100 Hz.
3. When assessing the effects of cane vibration it would be wise to consider the various ground materials and tapping situations in the daily exposure durations.
The present study primarily considered hand-transmitted vibration due to tapping the cane on the ground without any obstacles (excluding the staircase). From the results of the study and considering real life tapping conditions, further study should take account of the real situation of cane users including factors such as posture, temperature, material of the cane, fatigue and stress as well as user discrimination skills against vibration stimuli (i.e., thresholds, difference thresholds).
Appendix-Questionnaire for long cane users-
The aim of this questionnaire is to investigate the situation of cane users when they go out, and to understand any Thank you for your co-operation. 
